ABSTRACT Characterization of indigenous chicken (IC) production systems in Rwanda was conducted from November 2015 to January 2016 with the aim of understanding socio-economic characteristics, management of IC, production parameters, feed resources, and constraints faced by farmers rearing IC. A survey involving 206 households was carried out in 5 districts with the highest populations of IC using structured questionnaires. Data were analyzed using SAS software. The results showed that the majority of respondents (62.4%) were males and 37.6% were females. The majority of respondents (83.6%) had formal education. All family members were involved in the chicken husbandry practices. However, women (78%) were highly responsible for IC management activities. The family size averaged 5 persons (ranging 2 to 13) per household. Land was privately owned by farmers (84%) with a mean holding of 0.87 ha per household. The production system was mainly extensive with minimum provision of supplementary feeds. Chickens were being housed in separate houses at night and mating was uncontrolled. Breeding and replacement stocks were mainly sourced from the hatching of eggs using broody hens (60.68% of respondents). There were no vaccination programs, and ecto-and endo-parasites control was done when need arose. Egg production, income generation, meat production, and production of breeding stock were the main reasons of keeping IC. The first 3 main challenges facing IC production were diseases outbreaks, lack of investment capital, and predators. Others challenges, such as feed shortage, thieves, fluctuation of market price, lack of information on poultry rearing, and lack of chicken houses, also were mentioned. The IC production constraints mentioned need urgent mitigation measures to sustain utilization of IC against the changing climatic and economic conditions. Therefore, individual, public institution, and non-governmental organization efforts are required to develop sustainable breeding objectives directed to functions of IC and production challenges faced in the systems.
INTRODUCTION
The livestock sector in Rwanda is supported by different species, but poultry is the most predominant in terms of numbers with an estimated population of 4.8 million heads (FAOSTAT, 2014) . The most common poultry species are indigenous chickens (IC) that are raised by over 80% of farmers, especially for egg production, making poultry production a promising animal enterprise for achieving rural development (NISR, 2011) . IC production can play a significant role for women, widows, and orphaned children in terms of their contributions to food security and nutrition, cash income, and savings.
Despite ICs' contributions to rural household development, they have remained less competitive compared to exotic breeds due to their low productivity. In or death (Akinola and Essien, 2011; Kingori et al., 2010; Magothe et al., 2012a) .
In developing countries, previous attempts to improve their productivity through crossbreeding with exotic chickens proved unsustainable because the resultant genotypes could not survive under extensive production systems (Dana, 2011; Natukunda et al., 2011; Bett et al., 2012; Okeno et al., 2012; Magothe et al., 2012b) . This was attributed to a poor understanding of the IC production systems, as it was assumed that all production systems were homogenous with similar production objectives and management interventions (Okeno et al., 2012) . The best way to promote the competitiveness of IC is to improve their productivity without altering their morphological and environmental characteristics. This requires characterization of their production systems and identification of the existing IC ecotypes and their features to producers as the first step. Therefore, this study was initiated with the aim of characterizing the IC production environment, feeding, breeding, health, functions, and constraints faced by IC farmers in Rwanda.
MATERIALS AND METHODS

Description of Study Area
The study was conducted in 5 districts of 4 provinces of Rwanda, selected based on the population of IC. These included Kicukiro (2
• 00 S/30
• 09 E), Rwamagana (1
• 57 09 S/30
• 26 16 E), Muhanga (2 • 5' 0.00"S/+29
• 45' 0.00"E), Ruhango (2 • 12 S/29
• 46 E), and Rulindo (1
• 44 S/30
• 00 E) districts. These districts have the highest populations of IC raised in rural households and access to the feeder roads (i.e., access to the main roads, access to the market) (NISR, 2011) . Rwanda has a temperate tropical highland climate, with lower temperatures than are typical for equatorial countries due to its high elevation. The temperature ranges between 12
• C (54
• F) and 27
• C (81 • F), with little variation through the year. The study was conducted from November 2015 to January 2016 with the aim of understanding socioeconomic characteristics, management of IC, production parameters, feed resources, and constraints faced by farmers rearing IC in Rwanda. Figure 1 shows the administrative map of the studied districts.
Sampling Framework and Data Collection Procedures
In this study, qualitative and quantitative research approaches were employed. Qualitative data were obtained through observations made by enumerators and researchers and group discussions held with farmers, whereas quantitative data were obtained by interviews. A pretested structured questionnaire was used to gather information. During pretesting, local enumerators were employed in each district and trained by the researcher. Local enumerators were hired for ease of acceptability and communication within the communities. During visits, the objectives and benefits of the survey were explained to the farmers.
The required total number of respondents was determined using the formula by Cochran (1963) for infinite population (infinite population ≥50,000):
Where: N o = required sample size. Z 2 = the abscissa of the normal curve that cuts off an area at the tails (1-α) (95% = 1.96). e = the margin of error (e.g., ± 0.05% margin of error for confidence level of 95%). p = the degree of variability in the attributes being measured, referring to the q = 1-p. (p)(q) are the estimates of variance. Where: q = 1−0.16 = 0.84. The households in villages with at least 5 indigenous chickens and above were recorded. A simple random sampling procedure was used to select households for interviews by randomly picking 40 names of the households in each district. 
Data Collection and Analysis
Data were collected through direct observations and interviews with the farmers. Information on households and the IC management characteristics were collected. The farmers' characteristics included age, level of education, occupation, household size, household status, farm size, land ownership, livestock species, number, and reason for keeping them. The IC management characteristics were production systems, housing, nutrition, extension services, and challenges to IC production.
Data were analyzed using the general linear model procedure of SAS Institute Inc. (version 9.00, 2002) . PROC FREQ and PROC MEANS were used to carry out the frequency analysis and descriptive statistics, respectively.
RESULTS AND DISCUSSION
Household Characteristics
The household characteristics of IC owners and farms are presented in Table 1 . From the total of 206 interviewed, 62.4% were males and 37.6% were females. The average age of the respondents was 40.4 years. However, there were significant differences among the ages of respondents among the districts (P < 0.05) under study. The majority of the respondents (83.58%) had formal education, whereas only 16.42% were illiterate. All family members were involved in the chicken husbandry practices. However, women (78%) were highly responsible for IC management activities, such as chicken house cleaning, feeding, and collecting and selling eggs. Children (18.6%) also participated in several husbandry activities, such as provision of supplementary feed and water and chicken house cleaning.
The number of residents averaged 5 persons (ranging 2 to 13) per household, and the main source of livelihood was farming (65.98%) and employment (34.02%). There seems to be a decline in the percentage of households dependent solely on farming, given that (EACS, 2014) reported that over than 80% of the total population depended on agriculture a few years ago. This may be due to the continued land subdivision and fragmentation caused by the increasing human population, conversion of land to other uses, such as construction of new apartments (estates/villages) and new housing construction, and non-agricultural employment opportunities. Table 2 . Production systems, housing, and feeding for IC in the study area.
Variables Districts 
Farms' Characteristics and Livestock Flock Size as Source of Income
Land was privately owned by farmers (84.68%) with a mean holding of 0.87 ha per household, but there was no significant difference (P > 0.05) in the land holding between the districts (Table 1) . The results were similar to those reported by NISR, (2011) that on a national level, 84% of cultivating households hold less than 0.9 ha of land. As shown in (Table 1) , pigs and IC were ranked as sources of income in the households among other livestock species with an average of 9.5 and 11.8 heads, respectively. There were significant differences among livestock species among districts (P < 0.05). Cattle, goats, sheep, and rabbits played a role as sources of livestock income to a lesser extent than pigs and poultry. This might be due to the short generation interval and low inputs required in pig and poultry farming and increasing demand for pork and IC products in the rural and urban areas. This could be due to the fact that chickens are easy to slaughter, can be consumed as a single meal and therefore do not require storage facilities, and their products have no cultural, gender, or religious taboos (Meseret et al., 2011) . Okeno et al. (2012) reported the dominance of IC in medium to high agricultural areas could be due to their small space and availability of grains. Large proportions of land in the study areas are devoted to crop production, and therefore there is less space left for large livestock species. The mean chicken flock size per household obtained in this study was in line with studies in other developing countries where an average flock size between 10 and 24 per household has been reported (Dana et al., 2010; Harrison and Alders, 2010; Moges et al., 2010; Okeno et al., 2012; Bwalya, 2014) . Table 2 presents the ranks in percentage for production systems, housing, and feeding systems in the study area. The study indicated that free range was the dominant production system practiced by farmers (87.9%), followed by semi-intensive (10.2%) and the least practiced production system was intensive (1.9%). The result obtained in this study was similar with the findings reported in the literature (Dana et al., 2010; Mekonnen et al., 2010; Moges et al., 2010 and Okeno et al., 2012) .
Chicken Management
In this study, out of 206 participants interviewed, 40.3% of farmers reported housing chickens at night in the house kitchen (Table 2) and nearly all farmers (94.17%) cleaned their houses, and more than half (71.1%) did so every day. The results observed in this study agree with those reported in other developing countries, such as Ethiopia (Dana et al., 2010; Moges et al., 2010) and Kenya (Kingori et al., 2010; Okeno et al., 2012; Magothe et al., 2012a) , that indigenous chickens are mainly housed in kitchens and households' houses. During the day, birds are set free to move around to scavenge for food, thereby becoming an easy target for predators, thieves, and spread of diseases. This concurs with the study by Asresie and Mitiku (2015) .
Similar to other village poultry systems in developing countries, all districts studied were generally characterized by extensive scavenging management (96.6%) with 53.4% of the farmers providing supplementary feeding occasionally, especially during the cropping season. The provision of water to the chickens was practiced by 55.3% of the respondents (Table 2) . During the cropping season, birds were tethered in the home compound or in small shelters for most of the day. This was mostly done to avoid any kind of conflicts or disputes with neighbors due to destruction of crops by chickens. Small quantities of grain (maize, cereals), kitchen -: not observed; incubation method and mating system were both 100% "natural."
and households' leftovers, multi-vitamin trees (e.g, Kimali [local name], MacDonald tree), and insects (maggots, termites, silkworms) were occasionally offered to the chickens. Concerning feeding procedures, 78.2% of farmers reported throwing feed (grains and kitchen leftovers) on the ground, whereas only 21.8% of farmers placed the feeds in containers (feeders). As a result, feed was rarely adjusted to the needs of the birds. Therefore, chicks and adult birds had to compete for feed, implying that the young and less aggressive birds rarely got sufficient feed. The feeding management in this study is similar to those reported elsewhere (Kingori et al., 2010; Mekonnen et al., 2010; Akinola and Essien, 2011; Okeno et al., 2012; Magothe et al., 2012a; Asresie and Mitiku, 2015) . The reasons reported for not supplementing chicken feed in the current study were high feed cost (45.5%) followed by lack of cash and feed availability (33.6%) and lack of awareness (19.8%) about chicken feed supplementation. As Rwanda is a small country where nearly all the population has less than 1 Ha acreage of land and increasing population pressure, there is a risk of food competition between humans and livestock. Therefore, it is important to look for alternative feed resources for chickens. Feeding termites to chickens provides a mechanism for converting unusable cellulose into food for human consumption with benefits to the ecosystem (Okeno et al., 2012 ). Table 3 presents the ranks in percentage of purpose of raising chickens, health management, and constraints faced by IC. The main reasons for keeping IC were egg production (47.1%) and income generation (37.9%). Other uses, such meat production and production of breeding stock, were ranked lower. Similarly, Moges et al. (2010) and Okeno et al. (2012) reported that aims of rearing indigenous chickens were source of food, cash income, production of breeding stock, and cultural and religious ceremonies in both Kenya and Ethiopia.
Production Purpose, Health Management, and Constraints Faced by IC in the Study Area
All respondents reported natural incubation methods using broody hens during egg incubation periods. Nearly all respondents (98.1%) provided nesting/bedding material during incubation periods with herbs and old clothes being the most used. Regarding the mating system, all respondents indicated that birds mated freely (uncontrolled) while scavenging. This indicates a high risk of increasing inbreeding rates, as the flock size is small. The farmers should control birds' mating by exchanging breeding cocks with households of different villages. 17.5% of respondents reported to have received extension services, mostly provided by sector livestock officers. Record keeping is very important in farm monitoring, evaluation, and decision making. In this study, only 9.7% of respondents reported keeping records either for eggs laid per wk or number of chicks hatched.
Health Management
As shown in Table 3 , the majority of respondents (70.4%) experienced chicken disease outbreaks. The majority of farmers (51.9%) recognized that green, watery excreta, difficulty in breathing, drooping wings, twisted neck, and high mortality are signs of a disease locally called Umusinziro (Newcastle disease), the most important disease causing high mortality of young and adult birds. Salmonellosis (15%) and coccidiosis (8.3%) also were found to be among the diseases highlighted in this study, whereas listlessness, coughing, and sneezing signs were reported by 7.3% of the farmers. The findings concur with other studies conducted in other developing countries (Harrison and Alders, 2010; Moges et al., 2010; Okeno et al., 2012) where Newcastle disease was reported to be the major cause of chickens' deaths.
The result showed that 40.7% of respondents were locally treating the birds against diseases. A majority of interviewed farmers (93.1%) reported treating birds with green pepper, cutting a wing's vein, burning feathers on the heads of birds, and only 6.9% of respondents were calling a veterinarian to treat their chickens (Table 3). Nearly all IC owners (98.1%) had not vaccinated their birds against any disease. About 21.8% of respondents carried out ecto-and endo-parasites control when the need arose. The result of this study concurs with the studies by Moges et al. (2010) and Dana et al. (2010) who reported that immunization services are almost non-existent for village chickens in Ethiopia.
Indigenous Chicken Ecotypes, Flock Structure, Dynamics, and Reproduction Performance
The results (Table 4) show that a large proportion of poultry (38.84%) was dwarf followed by frizzed feathers (27.9%) and normal feathers (18.68%), whereas naked neck (8.34%) and improved breeds/crosses (6.24%) were the least common in the study area. These results agree with what was reported by Magothe et al. (2012b) that the major phenotypes available in Kenya are dwarf, normal feathered, naked-neck, frizzlefeathered, crested-head, feathered shanks, and rumpless. However, the study indicated that local chickens are not strictly indigenous, as they have been crossed with exotic breeds, which might be the case in Rwanda, as there has been no study carried out to conclusively describe them either phenotypically or genotypically. This provides an opportunity for in-depth characterization (molecular and phenotypic) for IC in Rwanda.
Flock Structure and Dynamics
In this study, the mean flock size was 11.8 ± 2.1. In terms of population structure, the flocks were dominated by chicks (6.4 ± 0.6), pullets (3.9 ± 0.7), hens (3.5 ± 0.5), and cockerels (3.3 ± 0.6), and the least were cocks (1.6 ± 0.4) ( Table 4) . However, there were significant differences among districts (P < 0.05) in terms of flock composition. The mean chicken flock size per Means followed by different letters (a, b, bc, c Superscripts) in the same row are statistically different at (P < 0.05); ± standard error means (SEM); Sig. Significance; n = number of respondents; g grams.
household and flock structure obtained in this study (Table 4) are in agreement with studies in other developing countries where a mean flock size between 10 and 24 per household, with chicks constituting the largest proportion, has been reported (Dana et al., 2010; Natukunda et al., 2011; Okeno et al., 2012) . The mean ranking of flock dynamics indicated that replacement stock was mainly sourced from on-farm hatching (23 ± 2.6) and purchased chickens (3.7 ± 0.6), while death/predators (7.9 ± 0.8), sales (3.7 ± 0.7), consumption (1.9 ± 0.6), exchanged (1.8 ± 0.5), stolen (1.6 ± 0.3), and donation (1.4 ± 0.2), were the major sources of chicken exits. The results were significantly different (P < 0.05) in the sources of replacement and breeding stocks among the districts (Table  4 ). The majority of respondents obtained the replacement stock from their own hatched chicks, whereas few farmers purchased breeding stocks (Table 4) . This is similar to what was reported by Okeno et al. (2012) that on-farm hatching using broody hens was the main source of breeding stock (84.5%) in Kenya.
Production and Reproduction Performance
The average ages at first laying and mating were 7.05 ± 0.13 and 6.24 ± 0.14 months, respectively (Table 5). The males were reported to grow faster than females. The results are in line with what was reported by Magothe et al. (2012a) in Kenya that in the backyard and semi-intensive production systems, age at first egg ranges from 6 to 8 months, but it was slightly different from the findings of Moges et al. (2010) who reported that in West Ethiopia, the average ages of local cockerels at first mating and pullets at first egg were 6.15 and 6.87 months, respectively. In this study, the average egg production per hen per clutch, laying day per hen per clutch, and the number of clutches per hen per yr were 18.46 ± 0.48, 28.1 ± 0.58, and 2.602 ± 0.22, respectively (Table 5) This study revealed that local broody hens were the only means of egg incubation and brooding young chicks. The average number of eggs per set per hen was 10.3 ± 0.2 eggs (range 7 to 14 eggs) and average number of chicks hatched was 8.3 ± 0.2 (range 5 to 12 chicks) (Table 5 ). This is in agreement with the findings of Moges et al. (2010) and Okeno et al. (2012) who values of that most of egg laid were incubated and mean hatchability were 82.6 and 83.6%, respectively. The average number of chicks surviving and attaining maturity per hen was 4.8 ± 0.2. The low survival rate presented in this study might be attributed to the high disease prevalence and predation in the study area.
Regarding egg production, it was estimated that egg production per hen per yr ranges from 30 to 60 eggs with the average egg weight of 42.19 ± 1.09 g (range 30 to 60 g). This was in conformity with what was reported by Magothe et al. (2012a) , that hens lay about 45 eggs per year with a range between 30 and 75 eggs under free-range and semi-free-range systems with a mean egg weight of 47.4 g (range 36 to 52 g).
Constraints to IC production
Generally, disease outbreaks, lack of investment capital, and predators were the major challenges in IC production ranked by 38.3, 22.8, and 15.5% of farmers, respectively. Other challenges such as feed shortages, thieves, fluctuation of market price, lack of information on poultry rearing, and lack of chicken houses were also highlighted, but ranked low (refer to Table 3 ). The result obtained in this study is in agreement with studies carried out elsewhere (Dana et al., 2010; Harrison and Alders, 2010; Mekonnen et al., 2010; Moges et al., 2010; Okeno et al., 2012; Magothe et al., 2012a) , which reported that Newcastle disease and predators were serious constraints to poultry flocks, causing severe losses.
A majority of the respondents (70.1%) indicated that Newcastle disease, diarrhea, and predation occur mostly during the dry season between June and September. This might be attributed to the dry conditions favoring the spread of the disease-causative agents, such as microbes, virus, and high chicken mobility, as the period coincides with the cropharvesting season. The same findings also were reported by Magothe et al. (2012a) . Notification of the seasons of outbreaks (Okeno et al., 2012) should be used to schedule vaccination programs against these diseases. This calls for all institutions involved in animal health and husbandry practices to sensitize all poultry farmers to vaccinate their birds, i.e., chickens can be vaccinated during dry seasons, as suggested by Okeno et al. (2012) to enable birds to develop immunity before the outbreaks in the wet seasons. Some likely challenges with this include the small flock size per household and lack of coordination among households to designate certain d of the yr as vaccination d, and to pool all chickens together for this purpose.
CONCLUSIONS
This study has revealed that IC play an important part in household livelihood in terms of food provision and income generation. However, their low production potential is due to the associated constraints mentioned, such as disease outbreaks, predators, lack of investment capital, price fluctuation, and lack of breeding stock, which need urgent management intervention strategies to reduce losses associated with diseases and parasites, predators, and poor nutrition and to develop informal and formal marketing channels for IC products. Studies on the locally used feeds and medications should be considered. There is a need to sensitize farmers to construct separate chicken houses to reduce the spread of diseases and predators. Therefore, individual, public institution, and non-governmental organization efforts are required to develop sustainable IC breeding objectives that account for whole production circumstances and farmers' needs with all the efforts geared towards food security for impoverished households.
